Advances in Analytical Chemistry 73 #T{b 3%, 2019, 9(3), 194-201 Hans X
Published Online August 2019 in Hans. http://www.hanspub.org/journal/aac
https://doi.org/10.12677/aac.2019.93026

Study of Gold Nanorod Probe Based
Cotton Thread Immunochromatographic
Assay Device

Xun Mao?*, Lili Meng?

1College of Science, Central South University of Forestry and Technology, Changsha Hunan
2College of Chemistry and Materials Science, Northwest University, Xi’an Shaanxi

Email: ‘mao_xun@yahoo.com

Received: Aug. 2™, 2019; accepted: Aug. 20", 2019; published: Aug. 27", 2019

Abstract

Gold nanorods have been widely used in biological analysis due to their variable aspect ratio,
large specific surface area and excellent optical properties. As we known, gold nanoparticle is the
most commonly used probe in traditional immunochromatographic assay technology, while the
application of gold nanorods in immunochromatographic analysis has rarely been reported. In
this paper, gold nanorods modified with monoclonal antibody were used to construct a novel re-
porter probe, and applied in cotton thread immunochromatographic assay device successfully.
The method has realized rapid, sensitive and quantitative detection of human ferritin (a lung can-
cer biomarker). Under optimal conditions, the linear range is 5 - 5000 ng/mL, and other proteins
have little interference.
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1. 5|8

It A2 DL AR IR, R T o YE B SEMR 2 — . HE 2016 AR 1 A EEDIE Gt s [ 1A
AP E =R EE R TR F R E S R SR, 2% 30 G0, Mt RaERE RS I, I
i OO TR E B R R MR AR T RN 2 — . BT s R N R AR A R, K2 HEHEK
LR N A 5 [2] [3] [4]. [RGB W S i 2 it AR UM BB, 5245 2% BORL o BT VR A il e
R ATB, BHEARZAAE T2 9 R, e R (64%) - 10 AR W0 540 f0 A8 FH 0 AT LA R0
PIx —HERA[5] [6] [7]. NEREE RS B — Pl br E4, HIREEAAGRes B it A 7E, K
JEBY B LA SRR

AR, RIES T TAEEATFR T 2 715k Ak it e 2R s 64, s i, %k,
AL A, BB T 25460 F B . Sunil Kumar Arya 25 A\ 2011 4E7E Chemical Review 24:& R #
T IR SRR, N I B AR SR A it AR A AR AR SRS VR REEAT 1 LR (8], HAME G I A WAL K A
FORBENS PR AL LU AR I R U, AHLRGE A IXFE BRI AN 2, EEAn i 1 77 V5 7 2 R 3R AP IR,
BB BT 1], A B R R ) B A % o 1T — AN LR (R R B R TR A T RN N DR R
fEo BT, FRmARBIE. MR s AR M TR e E A iR, sEE
it L HAVE R S W R D o U A SR IR TR 4 22 R R A N s AR A e 2 % JE A A
SEL T 2R E A AR EMNSBER MR, C-RNEE, PR S B PRI [9]-[14].

PR BT I EAT AT R B o RS, T K 7 G 9% 2 AT o A w16 N FH £ LR TE
ASCH S gk B B v BRI SR, T BOR A0S SEREE, DB THREAEEN B, s
BT NBRE AR, R A E E .

p RS g 7§ ST E
2.1. SRR A AL
HRL(100% £ 56) TG SABERIE IO . A KSR FTHUR . M IIATIR(dAD). i FEHTIE(CAD) . TSR
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(CEA). FHE5IR 40 ff 3 Bt 7 (SCCAY W 3K T Bl Sl AE R A PR AR o NI FI N s 3k B
G(H-1gG) 3L T At 5t 5 E AE MR A PR A &« 3-mercapto PHER(MPA)ESE T EHERT H7 T4 A PR A & . I8
b+ 75 bk = 4 (CTAB) W B R E RS 4k THF 7T, NHS Al EDC W SEF bilgA: T A TR A A .
BT oA 22 R85 A ik ) B G v s v P e 4t 7K e i o

2.2. {L3&

B R T (B E FE 2 i A 7], QUINTIX224-1CN); pH (4 E 28 2 FIHT AR, PB-10/C); 1HIR
T (h E Bl ER B AR AT, DHG-9005); & X m# & AL (H E B8R E R A A,
BLF-15K); R (mIG); maiKZ&maE(h B N EL RS FRAR, SYZ-B): Kuz=(PHE L
R TR Z AR AR, YXQ-LS-50SI).

3. ZBAR
3.1. SMKAEFESH(GNRs-dAb)RYHI &

GNRs 2B Fl 74 KL A B . 384310 GNRs 10000 #5550 30 7080 0 B AL k. 1 ZTH 490
KBEER P IMA—HZF 375 uM MPA M. 2 h TE R H 43518, 58 J5 76 7800 7% 5.0 20 738 . E4i B2
JE W, MPA-GNRs UL /3 BE 1 =T+ 53 7K 873K, 3.3 uL 40 mg/mL EDC Al 2.5 uL 30 mg/mL
NHS /il A MPA-GNRs & H = %N 2 h i MPA _ER#R3E. 7 pH =8.2, &5 8 mL 2.5 mg/mL
BT R WU A I 3R VAR R S IR AL 5 h, 6800 HEE BT 0y 10 min FEds L E . GNRs-dAb UT
V€ HHT 70 BLAE 200 pL PBST H1(0.25% Tween-20). 83R4GB 9 KR EH BB AEAFE 4C T, DLEbR R
8 H .

3.2. MEET SMRERIOMEREZERNAKER

MRZEHT 2 M SUALENE 30 738, SRJ5 20 BITE 0.01%E E LA 0.01 M ERERIATHIZIE 5 0%k, K
BHGBAUKE. &5, MEAER TR T 37C TR G R — DA . BIXERE 1 ul 1.2
mg/mL A ZEERE A ISR PUIAR (IR 0.25 uL, B — 8 JE 7E 37°CH1 10 734, SR 1846 37°CF 48 1 he
TE— AT R LI TE L) 2.5 HORARIG B XU . R 2Rk 78 XUH s b, 7ERRZR 1 B A7
BB IRPTA, R 18] XSt A2 A X o PERR 2R 1 — I i — N ROK R (2 < 1 KPR N B4R
TR . FE S B TAERR 2RI 5 — Wi o EATSEERHT, 25 pL FHZEaPi(0.01 M PBS % 0.25% Tween-20) 7 B 1 %
A — EWRE N PR IR VAR I B S b, BRI A R A ROK 3R 3. 20 738,
RO DXl o] DA R AT L — 25 %y . AT, AN & RIS R s PR E R S S
“Image]” AR R E B R EEFEVETHRMARED, WARME, S9PRBERE O
J& VT GNRs-dAb 23 BE 12.5 uL AT 12.5 pL 22 P (PBST) IR &40 . HAhIP S iR B iRk
fl.

4. KUHER5THL
4.1. BT ERRERHERZRRRENSTRE LRMARER

BT AR R AT E MR 2k S 2 M 0 2 B AGT I N B R 1 A S B S ke b ) e B B S MY o
S R IR 2L EAR 2108 600 pme (£ 1 H ] BLA BIRRZRGLE PSP AT OB ORI A b, ARk —
S T T PRARAE K AR, 55— w1 BB AT A A e o A TR R AR 8 A
XM T Nk AR
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Figure 1. The principle of the gold nanorods (GNRs) based on cotton thread immunoassay device for determination of Hu-
man ferritin

E 1. ETePHRERUERERERTOTRE ERNWAKERNTEE

U
absorbent pad

RIS, — 58 W FE I N Bk B VAT 5 I M E 4 R oK 3 T (A I P AR A 1800 8 v SR IRV 6 i P
FIFES A b, Y GNRs-dAb-Ag & S YIIMIRA VR BT BAEEH S EMLRS, AL
DX 448 0 90 20 ] 5 FEAS W X I i SR Uil 3R, TR — A e 5 52470 GNRs-dAb-Ag-cAb. [FlUtt, H
T GNRs FIRE, RN H I — AN AT IR 4 (B 1(B)). 7728 1 4 IR 0 60 5 P T 2 kB 1
P AR BEAS [F AR Ak o A8 PR ASORN P& A B 2 A T DAEAT S 2 40 BT o

P 2 IR A AR R 15 SRR 2(A) MGGk AR S S IRET I 2(B)TERRER % E M 0 #
ZEE AT 0 A1 5000 ng/mL Nk ER FIA3 B 25 B LEEl . sl 2 FoR, 7R 5000 ng/mL N Bk A F7E
T SHURBIE NG SEREFET, Mgk FATINX H 3B B 58 0 267, WA B T AN B 58 8 2% o
MEAKRLTAE NG SIRE R, AEFMERPREEAENREA, BE LENXJLFEARRIE A%

T o AL I 4 KR PR BT I 58 25 7 AR BH I, IS IR 4 Kb L e 9 Kb T 624 Mk RETE A 52
W RS, KSR TR N 15 om 24, 9KkEHEKYZ) 35 nm, HFZ) 12 nm. (BERTER
i)

4.2. SEHEHAL

4.2.1. A XHERNAEE AR

e BB P o 7 R ARSI DX A SR BT R I BB A DG . Wil 3 R, BEHTERRNEERES
EHEERBERPAEE NKREA), KO TRIREZAH R0 NAS SEEE R ERP &E NRED). 43k
ATAERE I DX 00 7 N [ R R 1.2 mg/mL ferritin i SRPUIARCGR IR B BN 1, 2, 3, 4), 5REH,
EESEHE/RN LN =R/ €6 E - 5 (€ 5 SVl EIVA R ) SR ERSTO/S NI EEE i IR AN LNRIE =R I IR/ € &)
VYIRS, {Z0ELL(S/NYIE B8 oK. QR IR EOR T DU IR, BT 55 5 B3GR B EE SN KN
W B IR U B B A IR Y VK
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Figure 2. Comparison images in the presence of 0 and 5000 ng/mL human ferritin based on gold nanoparticle and gold na-
norod as probes
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Figure 3. Dropping times of captured antibodies in the detection area

[ 3. N X imR TR IR 2

4.2.2. EKREFRSAENOEL

YK S PRET I F SR E G 25 B I RS TR B R KIER . H T 2 &9 KRB RS I &
TR NIEER, PR L G A I BRI X A R . SR, RIS E F
B E [ BAE 5 A S S A sE, X RUORIREHEM R AR R SRR R R . S — T, D ER
SRR TR ET IS SRS S 9Kk . N A PR AR SR PR 2 R 45 A 208, X% 5 BUEAR (1 m B (5
Fo W 4 FR, S9KERE R M 75 uL BOINE] 150 uL B, SAEBUAR] 125 L i35 B Hm N 5
(RE A NBREE ) LB, T AH R T 5545 5 (B R VAR Th o VR B ) BB . DRI 8 ok
BERE AR RBUR 125 L.
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Figure 4. Effect of the amount of gold nanorod probe
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Figure 5. Responses (A) and (B) Typical photo images of the GNRs based cotton thread immunoassay device with sample
solution containing PBST (Blank), 5000 ng/mL SCCA, CEA, human IgG and ferritin

& 5. 4% (Z=H), 5000 ng/mL SCCA, CEA. A IgG F1A$kE B FERT BN RS S{E XT EL B (A)FnHE B A9 AR 4 A
X$34E FH(B)

DOI: 10.12677/aac.2019.93026 199 it it e


https://doi.org/10.12677/aac.2019.93026

B, =AU

4.2.4. T1Edhek

ki 6(B) (HhZk amDHATR, FHFHESUR “Tmage)” ARG LA I X B4 7 I, 75 21 (1 0 6 5
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Figure 6. The resulting calibration curve (A) of the cotton thread immunoassay device employing gold nanorods in the
presence of different concentration of human ferritin and corresponding peaks (B) under optimal conditions. From a to f: 5,
50, 100, 500,1000 and 5000 ng/mL
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Kbeghi, MFRIERT LL#E ] EDC-NHS L, SRl S GNRs 2 [aliE i MPA L4 45 &8 40K
PRI, XSG 7 AW R & T TR EERCR, AR AL T SR HR RS (MR 2k S 2 BT o e
PERESE LT o 34h, BETCIER I, EARFSERZEAE T, 5T MPA DIREALHI G HUKBEIREN AR L o2 2 M 7
2 B LU T G KR T IR B IR 26 S SR AT o W e B R U vy, T LR At PRI IR T 5 3 o XM
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